Abstract Identification of patients who are at increased risk for contralateral breast cancer is essential to determine which patients should be routinely screened for contralateral breast cancer using MRI. The aim of this study was to assess the association of age and tumor morphology with contralateral breast cancer incidence in a large, nationwide population-based study in the Netherlands. All patients with breast cancer stage I-III, diagnosed between 1989 and 2009, were selected from the Netherlands Cancer Registry. The association between contralateral breast cancer risk with tumor morphology and age was assessed using competing-risk regression according to Fine & Gray. Overall, 194,898 patients were included. In multivariable analyses, lobular tumors were significantly associated with an increased risk of contralateral breast cancer within 6 months (cumulative incidence 1.9 %, subdistribution hazard ratio (SHR) 1.17, 95 % confidence interval (CI) 1.06-1.30 compared with 1.3 % in ductal tumors, p = 0.002). Age was also associated with an increased risk of contralateral breast cancer within 6 months (SHR 2.34, 95 % CI 2.08-2.62, p \ 0.002 for patients over the age of 75 as compared to patients younger than 50 years). The absolute risk of contralateral breast cancer within 6 months is only slightly increased in patients with a lobular tumor and older patients. In our view, this small increased risk does not justify standard use of preoperative MRI based on tumor morphology or age alone. We propose a more personalized strategy in which additional risk factors (family history, prognosis of primary tumor, and others) may play a role.
Introduction
Breast cancer incidence rates are increasing [1, 2] , and consequently, an increased number of patients are at risk for developing contralateral breast cancer [3] . In general, incidence rates for contralateral breast cancer after primary breast cancer of approximately 1 % per year have been reported [4] . Several studies have shown that survival after contralateral breast cancer is impaired compared to patients with unilateral breast cancer [3, [5] [6] [7] . Therefore, identification of patients who are at increased risk for contralateral breast cancer is essential in order to determine which patients should be routinely screened for contralateral breast cancer using magnetic resonance imaging (MRI). Due to the high costs, the use of MRI should be limited to the patients in which the risk of contralateral breast cancer is the highest.
Currently, the Dutch breast cancer guideline recommends to perform a preoperative MRI in all patients with invasive lobular breast cancer, unless an unifocal mass is observed on a mammogram that is properly assessable [8] . Invasive lobular carcinoma is one of the previously described risk factors for contralateral breast. Invasive lobular carcinoma is characterized by a particular single-file growth pattern, tends to be larger at diagnosis, estrogen (ER) and progesterone receptor (PR) positive, more likely to occur in the older patient and less aggressive than their ductal counterparts [9, 10] .
Also, several previous studies have shown that the risk of contralateral breast cancer within 6 months after the initial diagnosis increases with age [3] , while the risk of contralateral breast cancer during follow-up is the highest in younger patients [4, 5] . However, the Dutch breast cancer guideline states that MRI is not of additional value in women aged 70 years or older, even though the incidence of breast cancer increases with age [8] .
With the increasing health expenditure of recent years [11] , we question if the standard MRI that is currently performed in patients with a lobular tumor as well as the omission of MRI in older patients can be justified.
Therefore, we aimed at assessing the association of age and tumor morphology with contralateral breast cancer incidence within 6 months after diagnosis in a large, nationwide population-based study in the Netherlands. In addition, we assessed the association of these factors with the risk of contralateral breast cancer after 6 months.
Methods

Study population
Patients were selected from the Netherlands Cancer Registry. After notification by the nationwide Dutch network and registry of histo-and cytopathology (PALGA) and the national hospital discharge databank, trained registry personnel collected data on diagnosis, staging, and treatment using the registration and coding manual of the Comprehensive Cancer Center the Netherlands. Female patients diagnosed between 1989 and 2009 who received surgery for their first primary breast cancer stage I-III were selected from the Dutch Cancer Registry. Based on a unique patient number, second primary breast cancers were linked to each individual patient. All second primary cancers that occurred in the contralateral breast after the initial diagnosis were included. Patients with unknown localizations of the breast cancer were excluded as it could not be recalled if the second primary tumor was localized in the contralateral breast (n = 51).
Statistical analysis
The date of the first breast cancer diagnosis was defined as the date of pathological diagnosis (usually via biopsy). As it is unlikely that a new contralateral breast cancer occurs within 6 months after the initial diagnosis, a division was made according to previous literature [3, 5, 6] into contralateral breast cancer within 6 months and after 6 months (following the index cancer). We thereby assumed that any tumor that occurred within 6 months after the initial diagnosis was in fact a bilateral tumor. If patients presented with bilateral breast cancer at first diagnosis, they were included, and follow-up between the initial diagnosis and the contralateral breast cancer was defined as 0.00001 days in order to be able to include these patients in the Fine & Gray analyses.
Differences between patient groups were assessed using Chi-square tests. Age was divided into \50, 50-64, 65-74 and 75 years and older. Histological grade was defined as Grade I, Grade II, or Grade III. Morphology was defined as ductal, lobular, or other. ER and PR-status were registered by the Netherlands Cancer Registry starting from the year 2005, and defined as negative, positive, or unknown. Pathological T-stage and N-stage according to the TNMclassification that was applicable in the year of diagnosis were used. If pathological stage was missing, clinical stage was used. T-stage was categorized as stage I, II, III, IV, or ''unknown'', and N-stage was analyzed as N0, N1, N2, N3, or unknown.
Since the occurrence of contralateral breast cancer may be influenced by the risk of competing endpoints (defined as death without contralateral breast cancer) [12] , the cumulative incidences of contralateral breast cancer can be overestimated when regular analyses such as the KaplanMeier Method or the Cox Regression model are used. Therefore, all cumulative incidences were estimated by competing-risks regression according to Fine & Gray to assess the risk of a contralateral breast cancer while taking into account the risks of reaching other, competing endpoints [13] . Cumulative incidences were calculated for the total cohort and stratified according to lobular and ductal breast cancer and age. Additionally, the differences in cumulative incidence rates between lobular and ductal breast cancer were further stratified in periods to study changes over time. Contralateral breast cancer after 6 months was assessed using the time between 6 months after diagnosis and occurrence of contralateral breast cancer or end of follow-up, with death from any cause as competing event.
Patients who had a contralateral breast cancer within 6 months were excluded from these analyses.
First, we performed univariate competing-risks regression, in which all variables as described above were evaluated. Second, all variables were entered in the multivariable model (full model).
Results
Patient population
Overall, 194,898 patients with breast cancer stage I-III who received surgical treatment were included (Table 1) .
Follow-up was complete until December 31st, 2010. Median follow-up was 6.2 years (range 0-21.0 years).
Around seventy five percent of the patients in this cohort were diagnosed with breast cancer of ductal morphology, lobular morphology was seen in 11 % of the patients and in 14 % the morphology was unknown (Table 1) . Twenty six percent of the patients in this cohort were younger than 50 years of age, 37 % of the patients ranged between 50 and 64 years and 37 % was older than 65 years ( Table 1 ). The cumulative incidence of contralateral breast cancer within 6 months was 1.4 % (2,829 cases), while the cumulative incidence of contralateral breast cancer after 6 months was 3.7 % (7,185 cases) at the end of follow-up (Table 2 ).
Patient and tumor characteristics in relation to contralateral breast cancer
Patients with high (pathological) T-stage and N-stage were more likely to be diagnosed with contralateral breast cancer within 6 months. The incidence of contralateral breast cancer was lower in ER-receptor negative patients compared to ER-receptor positive patients ( Table 2) .
The cumulative incidence of contralateral breast cancer within 6 months was higher with increasing age, while the incidence of contralateral breast cancer after 6 months was lower in the older patients ( Table 2 ; Fig. 1 ). Lobular tumors were more often associated with contralateral breast cancer within and after 6 months (1.9 % of patients with lobular morphology developed contralateral breast cancer within 6 months versus 1.3 % of patients with ductal morphology (Fig. 2 ) and 4.1 % of patients with lobular morphology developed contralateral breast cancer after 6 months versus 3.5 % of patients with ductal morphology (p \ 0.001, Fig. 3 ).
The incidence of contralateral breast cancer within 6 months did not change in previous years, but the incidence of contralateral breast cancer after 6 months decreased from 6.2 % in patients who were diagnosed between 1989 and 1995 to 1.3 % in patients who were diagnosed between 2003 and 2009 (Table 2 ). In order to assess if this change was explained by a difference in length of follow-up, we performed additional sensitivity analyses in which we truncated the follow-up. These analyses showed that indeed, the observed decrease in CBC was mostly explained by a difference in length of follow-up, as the difference in contralateral breast cancer at 3 years and 5 years did not significantly differ between the three time periods (Attachment 1).
Competing risk analyses
In Table 3 , we assessed the risk of contralateral breast cancer while taking the risk of competing endpoints into account, as these competing endpoints may influence the Stratified by age, lobular morphology remained significantly associated with risk of contralateral breast cancer within 6 months in patients aged 64 years or younger (\50 years: SHR 1.37, 95 % C.I. For contralateral breast cancer after 6 months, patients below the age of 50 showed a significant association for tumor morphology, in favor of ductal morphology (SHR 1.37, 95 % C.I. 1.20-1.57, p \ 0.001 for lobular tumors compared to ductal tumors). Furthermore, patients diagnosed with pathological T1 and T2 stages harboring lobular tumor morphology had a significantly higher risk of contralateral breast cancer after 6 months (T1: SHR 1.13, 95 % C.I. 1.02-1.26, p = 0.02; T2: SHR 1.33, 95 % C.I. 1.18-1.50, p \ 0.001), while tumor morphology was not significantly associated with risk of contralateral breast cancer after 6 months in patients with tumor stage T3 and T4 (Attachment 2).
Discussion
This study shows that the incidence of contralateral breast cancer, both within and after 6 months, is the highest in patients with lobular tumor morphology, although the absolute risk difference between ductal and lobular tumors is small. Older patients are more likely to develop a contralateral breast cancer within 6 months, but less likely to develop a contralateral breast cancer after this time period, as compared to their younger counterparts.
According to the Dutch guideline, all patients with an invasive lobular tumor must receive an MRI, unless a unifocal mass is observed on a mammogram that is properly assessable [8] . We observed an increased risk of contralateral breast cancer in lobular tumors in accordance with previous studies [3, 4, 14] . However, the risk of synchronous contralateral breast cancer was only 1.2 times higher in patients with lobular tumors, while the absolute risk difference was 0.6 %. Furthermore, in patients with high tumor stages, lobular morphology was no longer a prognostic factor for developing contralateral breast cancer, which is most likely explained by the fact that these patients are more likely to die from their breast cancer before they had the chance to develop contralateral breast cancer. Since the absolute risk difference between ductal and lobular tumors was small, and MRI is an expensive imaging technique (one MRI costs approximately 368 euros in the Netherlands (486 USD)) [15] , we propose that the standard MRI that is currently advised in all patients with invasive lobular tumors seems inappropriate. In addition, the Dutch guideline states that MRI is of limited diagnostic value in patients older than 70 years. However, we observed a two-fold increased risk of contralateral breast cancer within 6 months for patients aged 75 years and older as compared to patients under the age of 50 independent of tumor morphology, even in competing risk regression which takes competing mortality into account. Also, the absolute risk difference between these patient groups was 1.5 %, which is even larger than the difference comparing the morphology types. Furthermore, the increased risk for patients aged 75 years and older was observed while the guidelines were applied, which could mean that a group of older patients are in fact underdiagnosed, as they did not receive a standard MRI because of their age. Therefore, the actual risk for contralateral breast cancer within 6 months after the initial diagnosis might be even higher in older patients than these data suggest. Hence, this finding deserves further attention.
Possibly, our findings can be explained by the fact that elderly patients more often present with a higher tumor stage [16] , and therefore may have an increased risk of contralateral breast cancer within 6 months as well. Moreover, the risk of breast cancer increases with age [1, 17] , which implies that the risk of a second, contralateral breast tumor is also higher in older patients. In contrast, the risk of contralateral breast cancer during follow-up decreased with age, in accordance with several previous studies [3, 5] . This may be explained by the large proportion of competing mortality in older patients.
Older breast cancer patients comprise a vulnerable group, as high age is associated with comorbidity and impaired physical function [18, 19] . Consequently, older patients are treated according to guidelines less often [20] , and breast cancer mortality in older patients is high, even though the majority of deaths in older breast cancer patients occurs from competing events [21] . Moreover, breast cancer survival of older patients has not improved in recent years, while the survival of younger patients has significantly improved [22] , thereby increasing the survival gap between old and young breast cancer patients. Possibly, the increased incidence of contralateral breast cancer in this older population could explain part of the survival difference between young and older patients, as contralateral breast cancer is associated with decreased breast cancer survival [3, 5] .
This leads to the question: should we routinely screen older patients for clinically and radiologically occult contralateral breast cancer? One could argue that as we have shown that older breast cancer patients are at increased risk of developing contralateral breast cancer within 6 months, it might be an option to screen for contralateral breast cancer in all older breast cancer patients. On the other hand, this can be time-consuming and expensive, especially if techniques such as MRI are used, and the ''number needed to MRI'' is still rather high. Especially in older patients with multiple comorbidities, the added value of preoperative screening for contralateral breast cancer might be small, as the remaining life expectancy may be smaller than the time to development of contralateral breast cancer or breast cancer death. Also, mammography may be sufficient for preoperative screening in older patients, as breast density decreases with age. Hence, future studies should investigate the value and cost-effectiveness of preoperative MRI in older breast cancer patients. We propose that preoperative MRI should be used on a more personalized basis based on tumor characteristics, remaining life expectancy, and patient's preferences.
Strengths and weaknesses
The main strength of this study was the use of a large population-based database that was derived from the Netherlands Cancer Registry, as it comprises well-registered data of a large number of patients. Furthermore, to our knowledge this study is the first one that used competing risk analyses according to Fine and Gray, which is a major strength of the analyses as we have shown that competing risk plays an important role when investigating risk factors for contralateral breast cancer, especially in older patients. Previous studies that investigated risk factors for contralateral breast cancer generally used Cox proportional hazard models. However, several factors which can be associated with contralateral breast cancer, such as high disease stage [3] and high age, can also lead to a high mortality and therefore to a large proportion of competing events. Therefore, we propose that analyses investigating risk factors for contralateral breast cancer, should always be performed in analyses that take these competing events into account. Of course, this study is also to some extend limited. Importantly, we depended on the reports of individual pathologists to determine if a tumor was classified as contralateral breast cancer or recurrence. Only tumors that were classified as contralateral breast cancer by the pathologist were registered by the Cancer Registry as such, which may lead to heterogeneity in the definition of contralateral breast cancer. Also, the Netherlands Cancer Registry does not register comorbid diseases, therefore we could not adjust for this in multivariable competing risk analyses. Furthermore, the absence of detailed data on adjuvant treatment limits the analyses. Improvements in adjuvant therapy may partly explain the observed decrease in contralateral breast cancer in most recent years, although this may also be explained by the limited length of followup. Finally, it must be kept in mind that the incidence rates of contralateral breast cancer were (mostly) observed in an era were the guidelines were applied, which means that they may have influenced the observed incidence rates. The first multidisciplinary guideline from 2002 stated that ''regular follow-up using mammography'' should be performed in patients with lobular carcinoma [23] . The 2008 guideline that is currently used advices pre-operative MRI [8] , and it is likely that this method has been gradually adopted between 2002 and 2008. However, if this would have affected the observed incidence rates, it would have resulted in an increase of contralateral breast cancer. Since we did not observe this increase, it is unlikely that it has strongly influenced our analyses.
In conclusion, the absolute risk of contralateral breast cancer within 6 months is low in patients with ductal as well as lobular breast cancer, although patients with lobular tumors were at a slightly increased risk of contralateral breast cancer. Furthermore, increasing age was associated with a high risk of contralateral breast cancer within 6 months, while the risk of contralateral breast cancer after 6 months decreased with increasing age. We propose that the current guidelines should not advice to perform a standard MRI in all patients with lobular breast cancer, as the benefits do probably not outweigh the costs. Instead, preoperative MRI should be used on a more personalized basis based on tumor characteristics, remaining life expectancy, and patient's preferences.
